Introduction
============

Pregnancy-induced hypertension (PIH) syndrome, is a disease that only occurs during pregnancy, and the basic pathophysiological changes include systemic small-vessel spasm and reduced perfusion of organs in each system ([@b1-etm-0-0-7724]). Besides, the disease refers to a symptom complex mainly manifested as hypertension, proteinuria, edema and multiple organ dysfunctions in clinical practice, which tends to result in poor prognoses such as fetal distress, fetal growth restriction (FGR) and premature birth, thus severely jeopardizing the maternal and neonatal health, so it is still one of the main causes of their death ([@b2-etm-0-0-7724]). Prior to the appearance of clinical symptoms in patients with PIH, some biochemical changes tend to occur, so the incidence and mortality rates of PIH are expected to become lower by effective clinical predictors. Studies have demonstrated that pregnancy-associated plasma protein A (PAPP-A) is closely associated with the prediction, judgment of disease and prognosis of PIH ([@b3-etm-0-0-7724],[@b4-etm-0-0-7724]). According to other studies, changes in the expression of vascular endothelial growth factor (VEGF) may exert crucial effects in the pathogenesis of PIH ([@b5-etm-0-0-7724],[@b6-etm-0-0-7724]). Thus, this study investigated the association of PAPP-A and VEGF with the incidence of PIH by measuring their changes in maternal serum, so as to explore the main risk factors for PIH, thus providing a basis for predicting PIH and improving maternal and neonatal outcomes.

Patients and methods
====================

### Case study

A total of 105 pregnant women (observation group) who underwent delivery and were ultimately diagnosed with PIH in The Affiliated Hospital of Xuzhou Medical University (Xuzhou, China) from February 2015 to February 2017 were retrospectively analyzed, and they were divided into two subgroups (mild and severe groups) according to the severity of the disease. In addition, 65 patients without symptoms in the same period were included as the healthy control group. Under the precondition of complying with the regulations on the medical record management and confidentiality principles, information on the clinical characteristics of pregnant women with PIH and laboratory tests were queried and collected through the The Affiliated Hospital of Xuzhou Medical University medical records. Conception methods of pregnant women are divided into two types \[natural conception and assisted reproductive technology (ART) conception (including artificial insemination, ovulation therapy, external fertilization, embryo transplantation and intracytoplasmic sperm injection)\]. All the included patients or their family members were informed of the study and signed the informed consent. This study was approved by the Ethics Committee of The Affiliated Hospital of Xuzhou Medical University. The diagnostic criteria for relevant diseases referred to Razak *et al* ([@b7-etm-0-0-7724]) and Ishimitsu ([@b8-etm-0-0-7724]). Inclusion criteria were: patients with gestational week \>28 weeks and systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure≥90 mm Hg for the same arm at least two times. Exclusion criteria were: i) patients with primary hypertension; ii) patients with PIH caused by diabetes mellitus, nephritis, heart disease and other internal medicine diseases; and iii) patients with smoking, drug addicts or other harmful habits.

### Research methods

Basic data were compared between the observation and healthy control groups, including periodic antenatal care, age (the age in the last menstrual period), gravidity, parity, gestational week, mode of conception, occupation, educational level and economic income of the pregnant women.

Obstetrical data were compared between the observation and healthy control groups, including placental abruption and properties of amniotic fluid (clear, turbid or bloody).

Data of perinatal infants were compared between the observation and healthy control groups, including neonatal birth weight, neonatal department transfer, small for gestational age (SGA), neonatal asphyxia and survival rates of perinatal infants. The birth weight (g) and Apgar score (points) (Apgar score ≤7 points at 1 min after birth indicating neonatal asphyxia, 4--7 points indicating mild asphyxia and 0--3 points indicating severe asphyxia) of neonates were recorded.

PAPP-A and VEGF levels of pregnant women were compared between the healthy control and observation groups at different severity degrees. Collection of serum samples of pregnant women occurred as follows: before admission, 6 ml elbow venous blood was drawn and placed in a dry test tube. The supernatant was collected after centrifugation at 3,000 × g for 15 min at 4°C and stored at −20°C. Enzyme-linked immunosorbent assay (ELISA) was carried out to detect PAPP-A and VEGF with Human Pappalysin-1/PAPP-A Quantikine ELISA Kit and Human VEGF Quantikine ELISA Kit (R&D Systems). All operations were performed by dedicated staff strictly following the relevant instructions.

Changes in the serum PAPP-A and VEGF levels of pregnant women at different gestational weeks in both groups were compared. At 1 day in each week between 34--40 gestational weeks, 6 ml elbow venous blood was drawn and placed in a dry test tube as described in the previous paragraph.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 18.0 software (SPSS, Inc.) was adopted for data analysis. Enumeration data were expressed as mean ± standard deviation (SD) and detected by t-test. One-way analysis of variance was carried out for for multiple comparisons with Dunnetts post hoc test. The constituent ratio and percentage were compared via the exact probability test (χ^2^ test) of contingency tables. Binary unconditional logistic regression models were applied to analyze risk factors resulting in PIH. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of basic data between the two groups of pregnant women

There were statistical differences in regular antenatal care, gravidity, parity, occupation, educational level and economic income between the two groups of pregnant women (P\<0.05). The regular antenatal care rate in the observation group was lower, and this group mainly consisted of primiparae and housewives with lower education levels and economic income. However, there were no statistically significant differences in age, gestational week and conception method (P\>0.05; [Table I](#tI-etm-0-0-7724){ref-type="table"}).

### Comparison of obstetric data between the two groups of pregnant women

The incidence rates of placental abruption as well as turbid and bloody amniotic fluid in the observation group were higher than those in the healthy control group. Statistical analysis revealed that the differences were statistically significant (P\<0.05; [Table II](#tII-etm-0-0-7724){ref-type="table"}).

### Comparison of perinatal fetus outcomes between the two groups

The neonatal birth weight was lower in the observation group than that in the healthy control group, while the occurrence rates of neonatal department transfer, SGA, neonatal asphyxia and survival rates of perinatal infants were higher (P\<0.05; [Table III](#tIII-etm-0-0-7724){ref-type="table"}).

### Comparison of the levels of serum PAPP-A and VEGF between the two groups of pregnant women

The levels of serum PAPP-A (U/l) in the healthy control, observation (mild) and observation (severe) groups were 23.51±7.83, 41.36±10.57 and 72.81±14.29, respectively, displaying an increasing trend and statistically significant differences in intergroup comparisons (P\<0.05). The levels of VEGF (ng/l) in the healthy control, observation (mild) and observation (severe) groups were 73.78±15.32, 47.45±11.02 and 33.62±6.19, respectively, showing a decreasing trend and statistically significant differences in intergroup comparisons (P\<0.05; [Fig. 1](#f1-etm-0-0-7724){ref-type="fig"}).

### Changes in the levels of serum PAPP-A in the two groups of pregnant women at different gestational weeks

The levels of serum PAPP-A (U/l) in the observation group at 34--40 weeks were 48.57±14.63, 43.28±13.46, 42.16±15.51, 45.89±12.83, 49.72±12.68, 42.15±16.34 and 48.60±17.57, respectively, while those in the healthy control group at 34--40 weeks were 13.25±2.14, 16.57±2.83, 20.08±3.26, 21.24±1.82, 22.46±3.58, 21.80±2.76 and 28.97±5.85, respectively. It is evident that the levels of serum PAPP-A at 34--40 gestational weeks in the observation group were significantly higher than those in the healthy control group, clearly manifesting statistically significant differences (P\<0.05; [Fig. 2A](#f2-etm-0-0-7724){ref-type="fig"}).

### Changes in the levels of serum VEGF in the two groups of pregnant women at different gestational weeks

The levels of serum VEGF (ng/l) in the observation group at 34--40 weeks were 43.46±2.52, 38.17±2.61, 37.05±2.49, 40.78±2.35, 44.61±2.57, 37.16±2.43 and 43.49±2.46, respectively, while those in the healthy control group at 34--40 weeks were 80.14±8.26, 74.35±7.51, 69.57±6.48, 71.42±8.19, 73.28±7.41, 65.81±7.63 and 68.79±8.05, respectively. This revealed that the levels of serum VEGF at 34--40 gestational weeks in the observation group were remarkably lower than those in the healthy control group, displaying a statistically significant difference (P\<0.05; [Fig. 2B](#f2-etm-0-0-7724){ref-type="fig"}).

### Logistic stepwise regression analysis of high-risk factors for PIH

Data of all groups in this study were analyzed using the unconditional Logistic regression model. Patients were divided according to whether they had PIH, and PIH was directly quantified by the values of 0 and 1 (the dependent variable y=0 represented no PIH, while y=1 stood for the existence of PIH). During the analysis, the binary variables were directly quantified through assignments with 0 and 1, whereas multiple ordered categorical variables were quantified through assignments with 1, 2, 3, ... to indicate their low-level to high-level attributes. In this study, 6 out of 11 factors (including dummy variables) that may influence the occurrence of PIH, including regular antenatal care, age, gravidity, parity, gestational week, conception method, occupation, educational level, economic income, amniotic fluid shape and laboratory test were selected into the model.

Binary logistic regression model analysis was carried out. Based on the assignment of the dependent variable, positive regression coefficient of the independent variable indicated the factor is a risk factor, and the higher quantitative value would more easily promote the occurrence of PIH. Otherwise, it was a protective factor suppressing the occurrence of PIH. The analysis results manifested that the major risk factors leading to the occurrence of PIH were PAPP-A value and the identity of housewives in a descending order. The protective factors impeding the occurrence of PIH were VEGF value, non-primary pregnancy, relatively high economic income and regular antenatal care in a descending order ([Table IV](#tIV-etm-0-0-7724){ref-type="table"}).

Discussion
==========

The PAPP-A gene, first detected in plasma of pregnant women, is located on chromosome 9q33.1. It encodes a high-molecular-weight zinc-binding metalloproteinase related to insulin-like growth factors (IGFs) ([@b9-etm-0-0-7724],[@b10-etm-0-0-7724]). PAPP-A in pregnant women is mainly produced by placental tissues. Its content increases steadily with the increase of gestational week until delivery, and it disappears at 6 weeks after delivery ([@b11-etm-0-0-7724]). Biological effects of PAPP-A mainly include: i) IGFs regulate cell division and differentiation, and maintain the normal growth of the fetus and placenta. ii) IGF-II plays a crucial role in the regulation of trophoblast cells and infiltration of uterine decidual tissues. iii) IGFs regulate the transportation of the three nutrients in syncytiotrophoblasts in the villi. According to this study, the levels of serum PAPP-A in pregnant women exhibit an increasing trend in the healthy control, mild PIH and severe PIH groups (P\<0.05), and PAPP-A levels at 34--40 gestational weeks in the observation group were higher than those in the healthy control group (P\<0.05). Besides, the multivariate analysis revealed that the high PAPP-A value \[odds ratio (OR)=3.736) was a risk factor for PIH, which is similar to the conclusion of study of Bersinger *et al* ([@b4-etm-0-0-7724]). It is known that placental dysplasia and insufficient infiltration of trophoblast cells are one of the important pathogenesis of preeclampsia. The low-level PAPP-A enables IGF to be in a binding state, thereby leading to inadequate binding of IGFs to receptors, and further resulting in placental maldevelopment and insufficient infiltration of trophoblast cells. However, placental dysplasia and placental ischemia and hypoxia influence the secretion of PAPP-A by the placenta, and they interact with each other. PAPP-A exerts a vital role in the pathogenesis and progression of PIH.

Located on chromosome 6p21.3, the human VEGF gene is a single gene consisting of 8 exons and 7 introns with a total length of 14 kb, whose encoding product is highly conserved homologous dimer glycoprotein (34--45 kDa) ([@b12-etm-0-0-7724]). Biological functions of VEGF are chiefly constituted by proliferation and division of endothelial cells, angiogenesis, survival and migration of endothelial cells, vascular permeability, and migration of monocytes and macrophages ([@b13-etm-0-0-7724]--[@b15-etm-0-0-7724]). VEGF is a mitogen of endothelial cells with high efficiency and specificity, and it plays a role in paracrine and autocrine manner. In addition, VEGF stimulates the proliferation and division of endothelial cells, enhances vascular permeability, induces angiogenesis and promotes the release of nitrogen (NO) in trophoblast cells, and in turn, the expansion of uteroplacental vessels caused by NO is the prerequisite for the infiltration of trophoblast cells and endometrial revascularization ([@b16-etm-0-0-7724]). Changes in VEGF are synchronized with NO synthase activity, both are the highest in the first trimester of pregnancy ([@b17-etm-0-0-7724]). Studies have illustrated that VEGF exerts different regulatory effects on different tissues of the reproductive system. The placental vasculogenesis function is decreased in the third trimester of pregnancy, and VEGF mainly acts as vascular permeability factor, which is conducive to fetal growth ([@b18-etm-0-0-7724]). This study demonstrated that the levels of serum VEGF in the healthy control, mild PIH and severe PIH groups displayed a decreasing trend (P\<0.05), and the levels of VEGF at 34--40 gestational weeks in PIH group were lower than those in the healthy control group (P\<0.05). Additionally, the multivariate analysis manifested that the high VEGF value (OR=5.258) could be regarded as a protective factor for PIH, which is similar to the conclusion of the study of Tsatsaris *et al* ([@b19-etm-0-0-7724]). The basic pathological change in PIH is systemic vasospasm, and the elevated maternal blood pressure is directly induced by the increased peripheral resistance to vasospasm. During vasospasm, the systemic perfusion of all organs is decreased, and hypoxia and ischemia occur locally in the body, which suppresses the proliferation, differentiation and infiltration of trophoblast cells, causing shallow placental implantation and vascular remodeling obstacles, which are related to VEGF. Thus, VEGF exerts a vital effect on the pathogenesis and progression of PIH.

In this study, Logistic regression screening was carried out for 11 factors that may affect the occurrence of PIH, including regular antenatal care, age, gravidity, parity, gestational week, conception method, occupation, education level, economic income, amniotic fluid shape and laboratory tests, and there were 6 factors selected into the model. The high PAPP-A value (OR=3.736) and identity of housewife (OR=2.514) were risk factors for PIH, while the high VEGF value (OR=5.258), non-primary pregnancy (OR=2.173) and relatively high economic income (OR=4.162), regular antenatal care (OR=1.201) were regarded as protective factors. Housewives have high tendency to suffer from PIH and are a high-risk group for PIH. This may be because their central position in the family economy requires more concerns on pregnancy, child\'s birth and rearing, and other economic problems, which invisibly increase pressure and psychological tension. This is consistent with the report of Dekker ([@b20-etm-0-0-7724]). According to this study, women with primary pregnancy were more prone to PIH compared with women with multiple pregnancies, so the former became a high-risk group for PIH, which is consistent with previous reports ([@b21-etm-0-0-7724]). The immunological theory of PIH has indicated that pregnancy refers to a successful natural allograft ([@b22-etm-0-0-7724]), and the establishment and stabilization of the immune balance between maternal and fetal are prerequisites for the maintenance of normal pregnancy. The body of women with primary pregnancy lacks 'blocking antibodies', so they cannot resist the burden of fetal antigen, thus resulting in PIH ([@b23-etm-0-0-7724]). The incidence rates of placental abruption as well as turbid and bloody amniotic fluid in the PIH group were higher than those in the healthy control group (P\<0.05 in all comparisons). Besides, PIH group had lower neonatal birth weight and survival rate of perinatal infant but higher incidence rates of neonatal department transfer, SGA and neonatal asphyxia (P\<0.05 in all comparisons), which is consistent with previous reports ([@b24-etm-0-0-7724],[@b25-etm-0-0-7724]).

This study manifested that the high PAPP-A value and the identity of housewife were main risk factors for PIH, while the high VEGF value, non-primary pregnancy, higher economic income, and regular antenatal care were its protective factors. Hence, obstetricians should carry out a health campaign and education and emphasize the importance of regular antenatal care while they improve their overall levels of professional diagnosis and treatment. PAPP-A and VEGF levels should be monitored during pregnancy, and housewives, low-income families, women with primary pregnancy and other high-risk groups should be intensively monitored. The enhancement of pregnancy management, early detection and early correction are the keys to improving the prognosis of pregnant women and children.
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![(A) Comparison of the levels of serum PAPP-A in pregnant women in the healthy control and observation groups with different severity degrees of the disease. (B) Comparison of the levels of serum VEGF in pregnant women in the healthy control and observation groups with different severity degrees of the disease. \*P\<0.05 vs. the healthy control group. ^\#^P\<0.05 vs. the observation group (mild). PAPP-A, pregnancy-associated plasma protein A; VEGF, vascular endothelial growth factor.](etm-18-03-1761-g00){#f1-etm-0-0-7724}

![(A) Changes in the levels of serum PAPP-A in pregnant women at different gestational weeks in the two groups. (B) Changes in the levels of serum VEGF in pregnant women at different gestational weeks in both groups. The levels of serum VEGF at all gestational weeks in the observation group are evidently higher than those in the healthy control group (P\<0.05). PAPP-A, pregnancy-associated plasma protein A; VEGF, vascular endothelial growth factor.](etm-18-03-1761-g01){#f2-etm-0-0-7724}

###### 

Comparison of basic data of pregnant women between the observation and healthy control groups.

  Observational indexes                               Observation group (n=105)   Control group (n=65)   t/χ^2^    P-value
  --------------------------------------------------- --------------------------- ---------------------- --------- ---------
  Regular antenatal examination                                                                          11.052    \<0.001
    Yes                                               23                          35                               
    No                                                82                          30                               
  Age (years)                                         28.16±4.85                  27.84±5.02               1.165   0.213
  Gravidity (times)                                     1.16±0.85                   2.19±1.21              6.192   0.005
  Parity (times)                                        1.08±0.34                   1.56±1.03              3.873   0.012
  Gestational week (week)                             37.12±0.48                  37.09±0.53               1.135   0.238
  Conception method                                                                                        0.594   1.023
    Natural                                           95                          59                               
    ART                                               10                            6                              
  Occupation                                                                                               7.948   0.003
    Housewife                                         66                          20                               
    Individual                                        14                            5                              
    Worker or personnel in the service industry       13                          13                               
    Scientific, educational and technical personnel   12                          27                               
  Educational level                                                                                        6.685   0.004
    Primary school                                    21                            1                              
    Junior high school                                44                          12                               
    Senior high school (technical secondary school)   26                          23                               
    Junior college                                    10                          14                               
    Undergraduate and above                             4                         15                               
  Economic income (yuan)                                                                                 10.819    \<0.001
    ≤2,000                                            38                            3                              
    \>2,000 - ≤4,000                                  48                          24                               
    \>4,000                                           19                          38                               

ART, assisted reproductive technology.

###### 

Comparisons of obstetric data of pregnant women between PIH and healthy control groups.

  Obstetric data        Observation group (n=105)   Control group (n=65)   χ^2^      P-value
  --------------------- --------------------------- ---------------------- --------- ---------
  Placental abruption                                                        7.593   0.003
    Yes                 24 (22.86)                  1 (1.54)                         
    No                  81 (77.14)                  64 (98.46)                       
  Amniotic fluid                                                           16.073    \<0.001
    Clear               62 (59.05)                  54 (83.08)                       
    Turbid              32 (30.48)                  10 (15.38)                       
    Bloody              11 (10.48)                  1 (1.54)                         

PIH, pregnancy-induced hypertension.

###### 

Comparison of perinatal outcomes between the two groups.

  Relevant indexes                                    Observation group (n=105)   Control group (n=65)   t/χ^2^    P-value
  --------------------------------------------------- --------------------------- ---------------------- --------- ---------
  Neonatal birth weight (g)                           2,487.15±604.53             3,201.46±453.12          9.548   0.002
  Admission in the Neonatology Department \[n (%)\]                                                      10.057    \<0.001
    Yes                                               43 (40.95)                  5 (7.69)                         
    No                                                62 (59.05)                  60 (92.31)                       
  SGA                                                                                                    11.158    \<0.001
    Yes                                               37 (35.24)                  3 (4.62)                         
    No                                                68 (64.76)                  62 (95.38)                       
  Neonatal asphyxia \[n (%)\]                                                                              7.614   0.004
    No                                                85 (80.95)                  63 (96.83)                       
    Mild                                              14 (13.33)                  2 (3.08)                         
    Severe                                            6 (5.71)                    0 (0.00)                         
  Survival rate                                                                                          12.753    \<0.001
    Stillbirth                                        8 (7.62)                    0 (0.00)                         
    Live birth                                        97 (92.38)                  65 (100.00)                      

SGA, small for gestational age.

###### 

Logistic stepwise regression analysis of high-risk factors for PIH.

  Variables                Regression coefficient   Standard error   Wald value   P-value   OR      95% CI
  ------------------------ ------------------------ ---------------- ------------ --------- ------- -----------------
  Regular antenatal care   −3.148                     1.596          4.973        0.029     1.201   1.091--2.814
  Gravidity                −4.163                   −2.614           5.302        0.020     2.173   1.034--4.925
  Economic income          −3.412                   −2.853           7.918        0.005     4.162   1.645--8.376
  Housewife                  0.967                    2.046          5.142        0.017     2.514   1.203--4.538
  PAPP-A                     3.581                    4.232          6.417        0.002     3.736   1.140--7.419
  VEGF                     −5.145                   −2.976           8.285        0.001     5.258     2.034--10.183

PIH, pregnancy-induced hypertension; OR, odds ratio; CI, confidence interval; PAPP-A, pregnancy-associated plasma protein A; VEGF, vascular endothelial growth factor.
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